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(57) ABSTRACT 
The invention relates to a method and an arrangement for 
operating a magnetically levitated vehicle by means of an 
arrangement having at least one long-stator linear motor. 
The linear motors are sub-divided longitudinally of a track 
into individual motor regions (A3, A4) in Which only one 
vehicle (7e, 7]’) at a time can normally travel. To increase the 
vehicle concentration along the track, provision is made in 
accordance With the invention for selected motor regions 
(A4) to be divided into at least tWo mutually independent 
motor region sections (A411, A419) and for one vehicle (7]; 
7g) to be operated in each motor region section (A411, A419) 
at a part of that poWer Which is preset for each motor region 

(A4). 
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Fig.1.’ 
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METHOD AND ARRANGEMENT FOR 
OPERATING A MAGNETICALLY LEVITATED 

VEHICLE 

FIELD OF THE INVENTION 

[0001] The invention relates to a method and an arrange 
ment for operating a magnetically levitated vehicle Which 
arrangement has at least one a.c. Winding Which is laid out 
longitudinally of a track and is sub-divided into Winding 
sections, an exciter arrangement Which is mounted on the 
vehicle, track-segment cables arranged longitudinally of the 
track and voltage sources assigned to the track-segment 
cables, the Winding sections being connected to assigned 
track-segment cables and voltage sources in line With the 
movement of the vehicle, Wherein the track-segment cables, 
the Winding sections and the voltage sources are so assigned 
to motor regions Which folloW one another along the track 
that, under normal operating conditions, one vehicle is 
operated in each motor region at a poWer Which is preset for 
the motor region and is supplied by the assigned voltage 
sources. 

BACKGROUND OF THE INVENTION 

[0002] In knoWn methods and arrangements of this kind, 
use is made of long-stator linear motors (e.g. U.S. Pat. No. 
5,053,654, DE 199 22 441 Al) Which include, as a primary 
member, a long stator Which is laid out longitudinally of a 
given track and Which has at least one long-stator Winding 
(e.g. U.S. Pat. No. 4,665,329, U.S. Pat. No. 4,728,382) in 
Which a travelling electromagnetic ?eld, Which advances in 
the direction of movement of the vehicle to be operated, is 
generated. What acts as a secondary member on the other 
hand is an exciter arrangement Which is mounted on the 
vehicle and generally extends for the entire length of the 
latter (e.g. DE 34 10 119 Al) and Which is composed of 
electromagnets Which also act as supporting magnets. The 
long-stator Winding is usually sub-divided into a plurality of 
Winding sections Which are situated directly behind one 
another in the direction of travel, Which are separated from 
one another electrically by changeover points and Which, 
although at lengths of 1000 m to 2000 m for example they 
are comparatively short, are still considerably longer than 
the vehicle, Which may for example be up to 250 m long. 
Laid out parallel to the track there are also a plurality of 
comparatively long (e. g. approx. 20 km long) track-segment 
cables (or track cables) Which are connected at one end 
(=single feed) or at both ends (=double feed) to so-called 
sub-stations in Which the voltage sources, in the form of 
converters, local control means and the like, required for 
supplying the long-stator Winding With current and voltage 
are installed. To limit energy consumption and the effective 
impedance, it is only ever those Winding sections in Which 
the vehicle is situated at the time Which are supplied With 
current, Which is done by connecting the individual Winding 
sections individually and in succession to assigned track 
segment cables and voltage sources, With the help of sWitch 
ing means, in line With the movement of the vehicle. 
Appropriate changeover means may be provided for the 
connections betWeen the track-segment cables and the volt 
age sources (DE 29 32 764 Al). When a magnetically 
levitated vehicle of this kind is being operated, the voltage 
sources supply voltages Which are substantially equal to the 
sum of the voltage induced by the vehicle (inductor voltage), 
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the voltage drop across the relevant Winding section and the 
voltage drop across the associated part of the track-segment 
cable. 

[0003] Because of the mode of operation Which has been 
described, the driving means, i.e. the motor for the mag 
netically levitated vehicle is sub-divided into a plurality of 
motor regions Which folloW one another in the direction of 
the track. Each motor region contains at least one track 
segment cable, Winding sections assigned to the track 
segment cable, and at least one voltage source connected to 
the track-segment cable for the supply of energy. There can 
in this case, for practical and technical reasons, only ever be 
one magnetically levitated vehicle in each motor region, i.e. 
a succeeding vehicle may not enter a motor region until a 
preceding vehicle has left the said motor region. The vehicle 
concentration and hence the timetable or the time intervals 
With Which the vehicles at the maximum permitted fre 
quency can be operated, are therefore preset by the length of 
a motor region and can no longer be changed once a 
magnetically levitated railWay has been built. 

[0004] In the practical application of magnetic levitation 
railWays of this kind, a requirement has arisen for additional 
special journeys to be provided betWeen the scheduled 
journeys and the timing of services to be made shorter, and 
in particular to be halved (eg from 10 mins to 5 mins), at 
least on selected parts of the track. HoWever, With the 
methods and arrangements of the kind speci?ed in the 
opening paragraph Which have become knoWn hitherto, this 
is possible, at best, by halving the length of the motor 
regions and doubling the number of voltage sources. This is 
not in any Way acceptable in vieW of the considerable 
increase in the cost of installation that it involves and the fact 
that a need for special unscheduled journeys generally only 
exists for a certain time, i.e. at given times of day or When 
there are unforeseen tra?ic conditions. 

SUMMARY OF THE INVENTION 

[0005] Starting from the above it is an object of the 
invention to make it possible, With methods and arrange 
ments speci?ed above, to at least halve the time intervals 
With Which the vehicles can folloW along the track. 

[0006] A further object of the invention is to at least halve 
the time intervals With Which the vehicles can folloW along 
the track Without any major changes to the hardWare. 

[0007] Yet another object of the invention is to change the 
methods and arrangements speci?ed above in such a manner 
that also motors already being installed can be converted in 
a manner to at least double the possible vehicle concentra 
tion along a given track. 

[0008] The method according to the invention is charac 
teriZed in that, to increase the vehicle concentration along 
the track, selected motor regions are sub-divided into at least 
tWo mutually independent motor region sections, and in that 
one vehicle is operated in each motor region section at a part 
of that poWer Which is preset for each motor region. 

[0009] The arrangement according to the invention is 
characterized in that, to increase the vehicle concentration 
along the track, selected motor regions can be sub-divided 
into at least tWo mutually independent motor region sections 
in such a Way that one vehicle can be operated in each motor 
region section at a part of that poWer Which is preset for each 
motor region. 
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[0010] The sub-division according to the invention of 
some or all of the motor regions Which are designed for 
normal operation into at least tWo motor region sections of 
shorter length in each case involves, if the installed poWers 
are kept as they are, a loss of poWer and hence a reduction 
in the speed of travel in the motor region sections. HoWever, 
since in the case of magnetically levitated vehicles of the 
kind presently concerned halving the poWer is not equivalent 
to a speed Which is also only half as high, the poWer losses 
Which occur only in the event of special journeys can easily 
be tolerated. This is particularly true in vieW of the advan 
tage that the increased concentrations of trains can be 
obtained at relatively loW cost. The invention also has the 
advantage that it can be applied both to single-feed linear 
motors and to double-feed linear motors. 

[0011] Further advantageous features of the invention can 
be seen from the sub-claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention Will be explained in detail in con 
nection With the accompanying draWings by reference to 
embodiments. In the draWings: 

[0013] FIG. 1 is a diagrammatic cross-section through a 
magnetically levitated vehicle and its track, in the region of 
the long-stator motor. 

[0014] FIG. 2 is a diagrammatic vieW of a knoWn arrange 
ment, having a single-feed long-stator linear motor, for 
operating a magnetically levitated vehicle as shoWn in FIG. 
1. 

[0015] FIGS. 3a and 3b are diagrammatic representations 
of an embodiment of the construction of a motor region, in 
accordance With the prior art and in accordance With the 
invention respectively, When the single-feed shoWn in FIG. 
2 is employed, and 

[0016] FIGS. 4a, 4b and 5a, 5b and 6a, 6b are represen 
tations corresponding to FIGS. 3a and 3b of three further 
embodiments in accordance With the prior art and in accor 
dance With the invention respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0017] On a magnetically levitated railWay having a syn 
chronous long-stator linear motor (FIGS. 1 and 2), a 
laminated stator core 1, Which has a plurality of slots and 
teeth arranged in succession to one another, is connected in 
a ?xed position to a track 4 Which is set up along a preset 
route. Inserted in the slots in the laminated stator core 1 is 
a long-stator Winding 5 in the form of a three-phase Winding 
Which is fed With three-phase current of variable amplitude 
and frequency by a converter, as a result of Which an 
advancing travelling (transient) Wave is set up in a knoWn 
fashion longitudinally of the long-stator linear motor. The 
exciter ?eld of the long-stator linear motor is generated by 
an exciter arrangement 6 Which is formed by a plurality of 
magnets Which are mounted on a vehicle 7, Which are 
arranged in a distributed fashion in the latter’s longitudinal 
direction, Which at the same time perform a supporting 
function and Which each comprise a magnet core 8 and an 
exciter Winding 9. Further, generally a laminated stator core 
1 having a long-stator Winding 5, normally three-phase, and 
an assigned exciter arrangement 6 are provided on both sides 
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of the track 4, With three individual Windings belonging to 
the three phases of the three-phase current being arranged in 
sequence one behind the other or being interWound With one 
another and being for example star-connected. 

[0018] To minimise the long-stator motor’s demand for 
reactive poWer and for voltage, it is only that part of the 
long-stator Winding 5 that the vehicle 7 is travelling along at 
that moment, eg in the direction of the track (arroW v), that 
is activated at any given time (FIG. 2). For this purpose, the 
long-stator Winding 5, as shoWn diagrammatically in FIG. 2, 
is sub-divided into a plurality of Winding sections 5.1 to 5.9 
Which folloW one another in direct succession in the longi 
tudinal direction of the track and each of Which can be 
connected, via associated sWitching means 15 and 16, to a 
neutral or star point 17 and to a track-segment cable 19. At 
the time shoWn in FIG. 2, this is true of Winding section 5.4. 
In the embodiment, one end of the track-segment cable 19 
is connected to a voltage source 20. The voltage source 20 
generally comprises at least one converter and is housed in 
a sub-station Which contains at least the means required to 
feed the current into the Winding sections 5.1 to 5.9 and also, 
Where required, all the means Which are required to control 
and monitor the vehicle in that region of the long-stator 
Winding 5 Which is being fed by the track-segment cable 19. 
Further voltage sources 21 are connected to further track 
segment cables 22 Which folloW on along the track and by 
Which subsequent Winding sections of the linear motor can 
be fed in a corresponding manner. With the help of switching 
means 23, 24, the various voltage sources 20, 21 are 
activated Whenever the vehicle 7 enters or leaves the section 
of the track Which is de?ned by a voltage source 20, 21 or 
in other Words by a track-segment cable 19, 22. 

[0019] Since, as shoWn in FIG. 2, the track-segment 
cables 19, 22 are each connected to only one voltage source 
20 and 21 respectively, this mode of operation is knoWn as 
“single-feed”. Alternatively hoWever, modes of operation 
are also knoWn in Which there is a “double-feed”, Where the 
tWo ends of each track-segment cable 19 can be connected 
to respective voltage sources 20 or 21, as is indicated in 
FIG. 2 by an additional sWitching means 24a shoWn in 
broken lines. This variant, Which is often preferred for 
reasons of redundancy, on the one hand alloWs the installed 
poWer of the voltage sources to be reduced and on the other 
hand means that, if one voltage source fails, the vehicle 7 
Will still be operated by the current supplied by the other 
voltage source. 

[0020] Also, the Winding sections 5.1 to 5.9 shoWn in 
FIG. 2 are generally used to drive only one side, eg the 
right-hand side, of the vehicle 7. Further Winding sections 
26.1 to 26.9, sWitching means 27, 28 and 29, 30, voltage 
sources 31 and 32 and track-segment cables 33, 34 are used 
in a corresponding Way to drive the left-hand side of the 
vehicle. 

[0021] To control the magnetically levitated railWay 
Which has been described, use is made of a speed, i.e. 
current, controller 36 to Which are fed, via a line 37, desired 
values for the speed Which the vehicle 7 is to reach or to 
maintain and, via a line 38 or even by radio, the signal for 
its current position Which is transmitted by the vehicle 7. The 
desired values for speed are placed in store in for example 
a desired-value memory 39, to Which the position signal is 
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also fed and Which emits a desired value of current or speed 
Which is preset for the Winding section being travelled along 
at the time. 

[0022] The current controller 36 supplies at outputs 40 
desired values Which comprise for example desired values of 
voltage and Which are fed to the voltage sources 20, 21, 31 
and 32 in order to generate in the latter the voltages Which 
are to be applied to the track-segment cables or in other 
Words to feed into the Winding sections the currents required 
to obtain the nominal speed. By means of the actual-value 
signal for speed determined on the vehicle 7, Which appears 
on a line 41, the speed controller 36 checks that the 
prescribed nominal speed is being observed. 

[0023] Finally, there are indicated in a simpli?ed form in 
FIG. 2 control means 42 connected to the line 38, by means 
of Which control means 42 the various sWitching means 15, 
16, 23, 24, (24a), 29 and 30 belonging to the track section 
seen in FIG. 2 are controlled, as a function of the actual 
position of the vehicle 7 in direction y, in such a Way that it 
is alWays only the Winding sections Which are being trav 
elled through at the time and the associated voltage sources 
Which are connected to the different track-segment cables. 
Like the voltage sources 20, 21 or the like, the control means 
42 may be housed in the sub-stations. 

[0024] Methods and arrangements of the kind described, 
and their operation, are knoWn from printed publications DE 
OS 29 32 764 A2, DE 30 06 382 C2, DE 33 03 961 Al, U.S. 
Pat. No. 4,665,329, US. Pat. No. 4,728,382 and US. Pat. 
No. 5,053,654 Which, to avoid repetition, are therefore 
incorporated by reference in the present disclosure. 

[0025] In the arrangement shoWn in FIG. 2, the track 
segment cable 19, the voltage source 20 connected thereto, 
and the Winding sections 5.1 to 5.9 Which can be connected 
to the track-segment cable 19, form a unit Which is referred 
to in What folloWs as a drive region or “motor region”. 
Because the vehicle 7 shoWn in FIG. 2 is driven at both 
longitudinal sides, the track-segment cable 33, the voltage 
source 31 and the Winding sections 26.1 to 26.9 also belong 
to this motor region. 

[0026] Because a magnetically levitated vehicle operates 
in the Way Which has been described, only one magnetically 
levitated vehicle at a time can travel in a motor region. As 
a result, the timing depends on the length (e. g. 20 km) of the 
part of the track served by the track-segment cables 19 and 
33 and on the speed of the vehicles. The present invention 
on the other hand makes it possible to have the vehicles 
travel on the track at tWice the concentration, i.e. vehicle 
density along the track. This Will be explained in detail 
beloW by reference to four embodiments. 

[0027] FIG. 3a shoWs, in diagrammatic form, a knoWn 
mode of operation Where the feed is single and the assign 
ment of the converters and track-segment cables is perma 
nent, it being assumed that vehicles 711 and 7b are moving 
in the direction of the arrow 2 For this purpose, there are 
shoWn in the embodiment, along the track, on a right-hand 
side of the vehicle (at the bottom in FIG. 3a) and on a 
left-hand side of the vehicle (at the top in FIG. 3a) respec 
tively, four track-segment cables 51a to 51d arranged one 
behind the other and four track-segment cables 52a to 52d 
arranged one behind the other. Each track-segment cable 
(e.g. 51b, 51c, 52b, 520) can be connected to a voltage 
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source (eg 55a, 55b or 56a, 56b), Which is permanently 
assigned to it and comprises for example a converter, by 
means of a respective sWitching means (eg 53a, 53b, 54a, 
54b). In contrast to FIG. 2, the voltage sources 55a, 55b, 
56a, 56b on the one hand cannot be changed over to adjacent 
track-segment cables (eg 19 and 22 in FIG. 2) and on the 
other hand are not alWays arranged at ends Which are leading 
in the direction of the arroW X but, for example, alternately 
at the leading and trailing ends of the track-segment cables, 
Which means for example that the voltage source 55b feeds 
the track-segment cable 510 and the voltage source 5511 
feeds the track-segment cable 51b. The rest of the track 
segment cables can be connected to voltage sources and 
Winding sections in a corresponding Way. 

[0028] In a similar Way to that shoWn in FIG. 2, the 
track-segment cables 51b, 51c, 52b, 520 can be connected to 
the Winding sections 5.1 to 5.9 and 26.1 to 26.9 assigned to 
them by means of sWitching means 57a, 57b, 58a, 58b 
although for the sake of simplicity all that is shoWn for each 
of the track-segment cables 51b, 52b and 510, 520 in FIG. 
3a is a single, representative assigned Winding section 511, 
26a and 5b, 26b respectively Which, in a continued similar 
ity to FIG. 2, can be connected to neutral points 60a, 60b via 
sWitching means (eg 5911 and 59b). The rest of the track 
segment cables and Winding sections can be connected to 
voltage sources (not shoWn) in a corresponding Way. 

[0029] In normal operation, the track-segment cables 51b, 
52b, together With the associated voltage sources 55a, 56a 
and the Winding sections 511, 26a, form a motor region A1, 
Whereas the track-segment cables 51c, 52c, together With the 
voltage sources 55b, 56b and the Winding sections 5b, 26b, 
form a motor region A2. No more than a single vehicle 711 
or 7b at a time is situated in each of these motor regions A1, 
A2. For this reason, the sWitching means 53a, 53b, 54a, 54b 
and 57a, 57b, 58a, 58b and 59a, 59b are each in the closed 
state When the vehicles 711, 7b respectively are travelling 
through. For the sake of simplicity, it is assumed in this case 
that all the vehicles 7a, 7b are operated at the same speed 
and, When there is a changeover from for example motor 
region A1 to motor region A2 there is thus no need for a 
change of programming for the control means 42 (FIG. 2). 
The rest of the track-segment cables, voltage sources or 
converters, and Winding sections Which are present along the 
track form motor regions Which are operated in a corre 
sponding Way. 

[0030] FIG. 3b, in Which the same parts are given the 
same reference numerals as in FIG. 3a, shoWs a doubling, 
in accordance With the invention, of vehicle concentration in 
the motor region A2. This is possible because the motor 
region A2 is sub-divided into tWo motor region sections A211 
and A2b. The motor region section A2a contains in this case 
the voltage source 55b, the right-hand track-segment cable 
510 and the right-hand Winding sections Which can be 
connected thereto (e.g. 5b1 and 5b2), together With respec 
tive associated sWitching means 570, 57b and 59e, 59b, 
Whereas the motor region section A2b contains, in a similar 
Way, the voltage source 56b, the left-hand track-segment 
cable 520 and the left-hand Winding sections Which can be 
connected thereto (e.g. 26b1 and 26b2), together With 
respective associated sWitching means 580, 58b and 59c, 
59d. Looking in the direction of the arroW L the tWo motor 
region sections A211 and A2b are situated one beside the 
other. By means of the control means 42 (FIG. 2), it is 
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ensured in this case that, When the ?rst vehicle 7b passes 
through, only the left-hand switching means 58b, 59d for 
example are closed, Whereas corresponding sWitching 
means 57b, 59b for a right-hand Winding section 5b2 remain 
in the open state. If on the other hand a second vehicle 70 
travels through the same motor region A2, then associated 
sWitching means 580, 590 are in the open state and associ 
ated sWitching means 570, 59e are in the closed state. A 
consequence of this is that the vehicle 7b is supplied only by 
the voltage source 56b and the vehicle 70 only by the voltage 
source 55b and they are thus each supplied With only half the 
energy. The speed of travel Which is someWhat reduced in 
this Way can be accepted in vieW of the considerable 
advantage that, in comparison With What has been done 
hitherto (FIG. 3a), all that is required to alloW tWice the 
number of vehicles to be operated is different actuation of 
the sWitching means (eg 570, 58c, 57b, 58b) and hence a 
change to the softWare. The hardWare on the other hand can 
be left unchanged. 

[0031] The changes Which have been speci?ed by Way of 
example for the motor region sections A2a, A2b and the 
vehicles 7b, 70 may, if required, be made in a plurality of 
selected motor regions A, in Which case this plurality may 
also comprise all the motor regions present along the track, 
thus enabling provision to be made, in the ideal case, for 
tWice the vehicle concentration along the entire track. If it is 
desired for the vehicles to be operated to the normal time 
table, provision is made, in the same Way as hitherto, for the 
operating conditions for the various switching means to be 
as shoWn in FIGS. 3a and 3b for the vehicle 7a. 

[0032] FIGS. 4a and 4b shoW an embodiment Which is 
operated With a single feed in a similar Way to that shoWn in 
FIGS. 3a, 3b but in Which the voltage sources can be 
sWitched over, as desired, to one of tWo track-segment 
cables in a similar Way to that shoWn in FIG. 2. In contrast 
to What is shoWn there hoWever, voltage sources 61, 62 and 
63, 64 are arranged betWeen respective pairs of track 
segment cables 65a, 65b and 66a, 66b, and 67a, 67b and 
68a, 68b, etc., the track-segment cables 65b, 66a and 67b, 
6811 being disconnected at their mutually adjacent ends. The 
voltage source 61 can therefore ?rst be connected to the 
track-segment cable 65a and disconnected from the track 
segment cable 65b, by means of a sWitching means 69a, 69b. 
When on the other hand a vehicle 7e has passed through the 
Winding sections connected to the said track-segment cables, 
the voltage source 61 is connected to the track-segment 
cable 65b and at the same time is disconnected from the 
track-segment cable 6511. In the same manner it is possible 
to connect the voltage sources 63, 64 With the track-segment 
cables 67a to 68b. This being the case, it is shoWn in FIG. 
411 that the vehicle 7e is being driven at this moment by the 
Winding sections 50, 260, Which are activated by sWitching 
means 70a, 71a and 72a, 73a respectively Which are in the 
closed position. 

[0033] Because the voltage sources 61 to 64 are each able 
to supply two different track-segment cables With current, in 
the case of FIG. 4a a motor region A3 is formed by a voltage 
source (eg 61), tWo track-segment cables (e.g. 65a, 65b) 
assigned to the latter, and the Winding sections (eg 50) 
assigned to the track-segment cables. Where there are tWo 
linear motors per vehicle, the motor region A3 also contains 
the voltage source 63, the associated track-segment cables 
67a, 67b and the Winding sections 260. The same is true, 
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mutatis mutandis, of a motor region A4. As in the embodi 
ment shoWn in FIG. 311, it has therefore been taken, hitherto, 
as a prerequisite for normal operation that the vehicle 7e 
may only cross over into the motor region A4 When a 
preceding vehicle 7f has left the said motor region A4. This 
is because, in the situation shoWn in FIG. 4a, the track 
segment cables 66a, 68a for example are not available to 
drive the vehicle 7e as long as the voltage sources 62, 64 are 
connected to the track-segment cables 66b, 68b and are 
driving the vehicle 7f 

[0034] In accordance With the invention, a doubling of the 
vehicle concentration is achieved by, When required, only 
operating the vehicles With one or other of the tWo linear 
motors, in a similar Way to that shoWn in FIG. 3b. This is 
possible because the motor region A4 for example is sub 
divided into tWo mutually independent motor sections A411 
and A4b. The motor region section A4a contains in this case 
the voltage source 62, the track-segment cable 66a situated 
upstream of the voltage source 62, and associated Winding 
sections 5d, While the motor region section A4b comprises 
the voltage source 64, the track-segment cable 68b Which is 
situated doWnstream of the latter in the direction of the 
arroW y, and associated Winding sections 26d. In contrast to 
FIG. 3b, the motor region sections A4a, A4b are thus 
situated not one beside the other, but one behind the other in 
the direction of travel. 

[0035] The operation of the arrangement shoWn in 4b is 
substantially the same as that in FIG. 3b. If tWice the vehicle 
concentration is Wanted, it is ensured by means of the 
control means 42 (FIG. 2) that, in the motor region section 
A4a for example, the voltage source 62 is connected by 
means of a sWitching means 74a to the track-segment cable 
66a belonging to the right-hand side of the motor, Whereas 
the track-segment cable 68a belonging to the left-hand side 
of the motor is disconnected from the voltage source 64 by 
means of a sWitching means 7511 Which is in the open state. 
In the succeeding motor region section A4b on the other 
hand the situation is reversed. In this case, the right-hand 
track-segment cable 66b is disconnected from the associated 
voltage source 62 by means of a sWitching means 74b, While 
at the same time the left-hand track-segment cable 68b is 
connected to the voltage source 64 by means of a sWitching 
means 75b Which is in the closed state. Therefore, in 
addition to the vehicle 7f Which is also shoWn in FIG. 4a and 
Which, With sWitching means 72b, 73b closed, travels 
through the motor region section A4b, a second vehicle 7g 
can be operated in the motor region section A4a by activat 
ing the Winding sections 5d With sWitching means 700, 710. 
The sWitching means 70b, 71b and corresponding sWitching 
means 720, 730 are in the open state in this case. Where 
required, it is once again possible for all the motor regions 
Which are present to be sub-divided in the Way described. 
With regard to the distribution of the installed poWer to the 
tWo motor region sections A411 and A4b Which exist in each 
case, the same applies as applied to the motor regions 
sections A211 and A2b shoWn in FIG. 3b. 

[0036] As in the case of FIG. 3b, the arrangement shoWn 
in FIG. 4b can be implemented simply by changing the 
program for the control means 42, i.e. by making a change 
to the softWare. Additional hardWare components are not 
required. 
[0037] FIGS. 5a and 5b shoW an embodiment having a 
double-feed and voltage sources and track-segment cables 
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Which are permanently assigned. To simplify the ?gures, all 
that are shown in this case are the means Which are provided 

on one side of a vehicle, i.e. for one linear motor, because the 
said means are of a substantially identical form When there 
are tWo or more linear motors present for each vehicle. 

[0038] In FIG. 511 there are for example, as in the mode of 
operation employed hitherto, four track-segment cables 77a 
to 77d, one behind the other. The track-segment cables 77b, 
770 are each connected, at their ends, to respective pairs of 
permanently assigned voltage sources 78a, 78b and 79a, 
79b. Each track-segment cable (eg 770) also forms, With 
tWo connected voltage sources (eg 79a, 79b) and associ 
ated Winding sections (5e), a motor region A5 or A6, in 
Which only one vehicle 7h or 7i at a time can travel, provided 
on the one hand that the track-segment cables are connected 
to the assigned voltage sources 79a, 79b, etc. via sWitching 
means 80a, 80b etc. and on the other hand that the associated 
Winding sections 5e, etc. are activated via sWitching means 
81a, 81b. 

[0039] FIG. 5b on the other hand shoWs hoW in the case 
of FIG. 511 an increase in the concentration of vehicles can 
be achieved by sub-dividing the motor regions A5 and A6. 
For this purpose, in accordance With the invention the 
track-segment cables (eg 770) are provided With a discon 
necting sWitch 82, Which is usefully situated in a central part 
of the respective track-segment cable 770 and Which, in the 
closed state, creates a continuous track-segment cable in the 
Way Which is shoWn in FIG. 5b for the track-segment cable 
77b and the disconnecting sWitch 83 arranged therein. When 
the disconnecting sWitch 82 is in the open state on the other 
hand, tWo mutually independent track-segment cable sec 
tions 7701 and 7702 are obtained, in Which case the track 
segment cable section 7701 for example can be connected by 
the sWitching means 8011 only to the voltage source 79a and 
the track-segment cable section 7702 can be connected by 
the sWitching means 80b only to the voltage source 79b. 

[0040] If, With the arrangement shoWn in FIG. 5a, a 
doubling of the vehicle concentration is desired, the discon 
necting sWitches 82 and/ or 83 are controlled to the open state 
by means of the control means 42 (FIG. 2). In addition to the 
vehicle 71' Which, in a similar Way to that shoWn in FIG. 5a, 
is situated in a motor region section A6b containing the 
voltage source 79b and the track-segment cable section 
7302, it is then possible for a further vehicle 7j to be moved 
in a motor region section A6a containing the voltage source 
79a and the track-segment cable section 7701, Which is done 
by connecting the track-segment cable section 7701 to the 
voltage source 79a by means of the sWitching means 80a 
and activating a corresponding Winding section 5f by means 
of sWitching means 84a, 84b. The division of the installed 
poWer of the voltage sources 79a, 79b Which this division of 
the regions involves is tolerable in a similar Way to What Was 
said in connection With FIGS. 3b and 4b. In contrast to 
FIGS. 3b and 4b, in the present case hoWever the increase 
in vehicle concentration takes place as a result of a 
changeover from double feed (FIG. 5a) to single feed (FIG. 
5b). As an alternative, or in addition, it is possible for the 
motor regions to be divided into a left-hand region and a 
right-hand region (not shoWn) in a Way similar to that shoWn 
in FIG. 3b. 

[0041] Finally, FIGS. 6a and 6b shoW a further embodi 
ment Which, in a similar Way to that shoWn in FIGS. 5a and 
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5b, provides a double feed but Which is provided, in a similar 
Way to that shoWn in FIGS. 4a and 4b, With converters able 
to be sWitched over. Once again, only the means belonging 
to a single linear motor are shoWn in this case, because any 
other linear motors Which may be present may be of an 
identical form. 

[0042] In FIG. 6a are shoWn, for example, six track 
segment cables 86a to 86f Which are arranged one behind the 
other in the direction of the track, and ?ve voltage sources 
87 to 91, Which latter can be connected to the track-segment 
cables 86a to 86f by sWitching means 92a, 92b and so on to 
96a, 96b. If for example the sWitching means 92b, 93a and 
94b, 9511 are in the closed state, as shoWn in FIG. 6a, 
Whereas all the other sWitching means are in the open state, 
then the track-segment cables 86b and 86d Will be supplied 
With the preset nominal current and vehicles 7k and 7l can 
be operated at their nominal speed under the normal condi 
tions Which have been preselected. It should be noted in this 
case that there must not be any current to the track-segment 
cables 86a, 86c and 86e because the voltage sources 87 to 
91 assigned to them are not available to them. 

[0043] In the state shoWn, as in the embodiments Which 
have already been described, on the one hand the voltage 
sources 87, 88 and 89, together With the track-segment 
cables 86b and 860 assigned to them and associated Winding 
sections 5g, form a ?rst motor region A7, While the voltages 
sources 89, 90 and 91 on the other hand, together With the 
assigned track-segment cables 86d and 86e and Winding 
sections 5h able to be connected thereto, form a second 
motor region A8. If the vehicles 7k and 7l subsequently 
make their Way into the region of those Winding sections 
(not shoWn) Which are connected to the track-segment 
cables 860 or 86e, the sWitching means 92b, 93a or 94b, 9511 
are opened and the sWitching means 93b, 94a and 95b, 9611 
are closed in place of them, so that the track-segment cables 
86c and 86e are then supplied With current. HoWever, as in 
the embodiments described previously, the vehicle 7k cannot 
enter the motor region A8 until the vehicle 7l has left the said 
motor region A8 and the voltage source 90 is thus available 
for the vehicle 7k. 

[0044] FIG. 6b on the other hand shoWs the Way in Which 
the sWitching means are controlled in accordance With the 
invention. In this Way, the sWitching means 92b, 93b and 
94b for example are in the closed state and the sWitching 
means 93a and 9411 on the other hand are in the open state. 
The result of this is that the track-segment cable 86b is 
supplied With current only by the voltage source 87 and the 
track-segment cable 860 is supplied With current only by the 
voltage source 88. This produces on the one hand a ?rst 
motor region section A7a Which contains the voltage source 
87, the track-segment cable 86b and the associated Winding 
sections 5g and on the other hand a second motor region 
section A7b Which is independent of the ?rst motor region 
section A711 and Which contains the voltage source 88, the 
track-segment cable 860 and the associated Winding sections 
51'. As a result, both the vehicle 7k can travel in the motor 
region section A711 and also a further vehicle 7m can travel 
in the motor region A7b, i.e. the vehicle concentration can 
be doubled in the motor region A7. The rest of the motor 
regions (eg A8) can each be sub-divided into tWo motor 
sections in a corresponding Way. 

[0045] In this embodiment too, the increase in the vehicle 
concentration takes place as a result of a changeover from a 
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double feed (FIG. 611) to a single feed (FIG. 6b). As in the 
case of the other arrangements described, the loss of drive 
power Which this causes can be accepted. Also, a particular 
advantage of the arrangement shoWn in FIG. 6b arises from 
the fact that, in contrast to FIG. 5b, no additional discon 
necting sWitches 82, 83 are required. OtherWise, all that is 
required to implement the arrangement shoWn in FIG. 6b is 
for the sWitching means to be controlled by means of the 
control means 42 (FIG. 2) in a different Way from hitherto, 
i.e. no additional expenditure on hardWare is required. 

[0046] The invention is not limited to the embodiments 
Which have been described, Which can be modi?ed in many 
Ways. In particular, to avoid losses of thrust if changeover 
points betWeen the individual Winding sections are overrun, 
all the provisions Which have become knoWn to date for this 
purpose, Which are knoWn as leapfrog, alternating step, 
three-step or four-step processes (eg the magaZine elektro 
technische Zeitschrift etZ, Vol. 108, 1987, No. 9, pp. 378 to 
381, DE 199 22 441 A1, DE 102 27 253 A1), may be made. 
Similar provisions could be made for the changeover of the 
track-segment cables. Further, it is of course also possible 
for the invention to be applied to arrangements in Which the 
voltage sources are connected, as in FIG. 2, to the track 
segment cables in such a Way that, as shoWn in FIGS. 3 and 
4, only the track-segment cables 19, 22 or the track-segment 
cables 33, 34 are used alternately to drive the vehicles 7. The 
sWitching means and control means described, and the 
stipulations made regarding the different motor regions or 
motor region sections may also be different from those 
described. Finally, it is understood that the various features 
may also be applied in combinations other than those 
described and shoWn. 

[0047] It Will be understood, that each of the elements 
described above or tWo or more together, may also ?nd a 
useful application in other types of construction differing 
from the types described above. 

[0048] While the invention has been illustrated and 
described as embodied in a magnetic leviation (maglev) 
arrangement and an operating method therefor, it is not 
intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made Without 
departing in any Way from the spirit of the present invention. 

[0049] Without further analysis, the forgoing Will so fully 
reveal the gist of the present invention that others can, by 
applying current knowledge, readily adapt it for various 
applications Without omitting features that, from the stand 
point of prior art, fairly constitute essential characteristics of 
the generic or speci?c aspects of this invention. 

What is claimed as neW and desired to be protected by 
Letters Patent is set forth in the appended claims. 
1. Method of operating a magnetically levitated vehicle 

by means of an arrangement having at least one long-stator 
linear motor, Which arrangement comprises at least one a.c. 
Winding (5, 26) Which is laid out longitudinally of a track 
and is sub-divided into Winding sections (5.1 to 5.9, 26.1 to 
26.9), an exciter arrangement (6) Which is mounted on said 
vehicle (7), track-segment cables (51, 52; 65 to 68; 77; 86) 
arranged longitudinally of said track and voltage sources 
(55, 56; 61 to 64; 78, 79; 87 to 91) assigned to said 
track-segment cables (51, 52; 65 to 68; 77, 86), said Winding 
sections (5.1 to 5.9, 26.1 to 26.9) being connected to 
assigned ones of said track-segment cables (51, 52; 64 to 86; 
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77; 86) and voltage sources (55, 56, 61 to 64; 78, 79; 87 to 
91) in line With a movement of said vehicle (7), and said 
track-segment cables (51, 52; 65 to 68; 77; 86), said Winding 
sections (5.1 to 5.9, 26.1 to 26.9) and said voltage sources 
(55, 56, 61 to 64; 78, 79; 87 to 91) being so assigned to 
motor regions (A) Which folloW one another along said track 
that, under normal operating conditions, only one vehicle (7) 
is operated in each motor region (A) at a poWer Which is 
preset for said motor region (A) and is supplied by said 
assigned voltage sources (55, 56, 61 to 64; 78, 79; 87 to 91), 
Wherein, to increase a vehicle concentration along the track, 
selected motor regions (A2, A4, A6, A7) are sub-divided into 
at least tWo mutually independent motor region sections 
(A211, A211; A411, A411; A611, A619; A711, A719), and Wherein 
vehicles (7) being operated in said motor region sections 
(A211, A211; A411, A411; A611, A619; A711, A719) are moved at 
a part of that poWer Which is preset for each motor region 
(A) 

2. Method according to claim 1, Wherein, When there are 
motor regions (A6, A7) having a double feed for said 
track-segment cables (77, 86), a division into tWo motor 
region sections (A611, A619; A711, A719) is made by changing 
over from double feed to single feed in these motor regions 

(A6, A7). 
3. Method according to claim 2, Wherein, for the 

changeover from double feed to single feed, said track 
segment cables (77b, 77c) concerned are provided With 
disconnecting sWitches (82, 83) and Wherein said sWitches 
(82, 83) are brought to an open state. 

4. Method according to claim 2, Wherein, for the 
changeover from double feed to single feed, said track 
segment cables (86) are each connected to only one of tWo 
assigned voltage sources (87 to 91). 

5. Method according to claim 1, Wherein, in the case of 
vehicles (7) Which have at least tWo mutually independent 
long-stator linear motors, a division into at least tWo motor 
region sections (A211, A211; A411, A419) is made by assigning 
only one of said linear motors to each motor region section 

(A211, A211; A411, A411). 
6. Method according to claim 5, Wherein, in the case of 

motor regions (A4) having a single feed for said track 
segment cables (65 to 68), the assignment is performed 
essentially by means of sWitching means (69, 74, 75) Which 
connect said track-segment cables (65 to 68) to selected 
voltage sources (61 to 64). 

7. Method according to claim 5, Wherein, in the case of 
motor regions (A2) having a single feed for said track 
segment cables (51, 52), the assignment is performed essen 
tially by means of sWitching means (57, 58) Which connect 
said Winding sections (5111, 26191; 5112, 26192) to selected 
track-segment cables (51, 52). 

8. Arrangement having at least one long-stator linear 
motor for a magnetically levitated vehicle, comprising: at 
least one a.c. Winding (5, 26) Which is laid out longitudinally 
of a track and is sub-divided into Winding sections (5.1 to 
5.9, 26.1 to 26.9), an exciter arrangement (6) Which is 
mounted on said vehicle (7), track-segment cables (51, 52; 
65 to 68; 77; 86) arranged longitudinally of said track, 
voltage sources (55, 56; 61 to 65; 78, 79; 87 to 91) arranged 
at a distance longitudinally of said track, control means (42) 
for connecting said Winding sections (5.1 to 5.9, 26.1 to 
26.9) in succession to assigned ones of said track-segment 
cables (51, 52; 65 to 68; 77; 86) and voltage sources (55, 56; 
61 to 64; 77, 79; 87 to 91) in line With a movement of said 
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Vehicle (7), and motor regions (A) Which folloW one another 
in a direction of said track and Which are formed by assigned 
ones of said Winding sections (5.1 to 5.9, 26.1 to 26.9), 
track-segment cables (51, 52; 65 to 68; 77; 86) and Voltage 
sources (55, 56; 61 to 64; 78, 79; 87 to 91), Wherein in each 
motor region (A), under normal operating conditions, only 
one Vehicle (7) can be operated, at a poWer Which is preset 
for a motor section (A) concerned and being supplied by said 
assigned Voltage sources (55, 56; 61 to 64; 78, 79; 87 to 91), 
and Wherein, to increase the Vehicle concentration along the 
track, selected motor regions (A2, A4, A6, A7) can be 
sub-divided into at least tWo mutually independent motor 
region sections (A211, A211; A411, A411; A611, A611; A711, 
A711), in such a Way that Vehicles (7) being operated in said 
motor region sections (A211, A211; A411, A411; A611, A611; 
A711, A711) can be moved at a part of that poWer Which is 
preset for each motor region (A). 

9. Arrangement according to claim 8, Wherein said motor 
regions (A3, A4; A7, A8) contain track-segment cables (65, 
67; 86) Which can each be connected to tWo Voltage sources 
(61 to 64, 87 to 91) Via sWitching means (69, 74, 75; 92 to 
96), and Wherein said control means (42) are so arranged 
that said track-segment cables (65, 67; 86) are connected by 
means of said sWitching means (69, 74, 75; 92 to 96) to only 
one of said tWo Voltage sources (61 to 64; 87 to 91), as 
selected. 

10. Arrangement according to claim 8, Wherein said motor 
regions (A5, A6) contain track-segment cables (77) Which 
are each permanently assigned to tWo Voltage sources (78, 
79) and have disconnecting sWitches (82, 83) ?tted in them, 
and Wherein said control means (42) are so arranged that, by 
actuating said disconnecting sWitches (82, 84), said track 
segment cables (77) can be sub-divided into tWo mutually 
independent track-segment cable sections (7701, 7702) 
Which are each connected to only one of said assigned 
Voltage sources (78, 79). 
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11. Arrangement according to one of claims 8, 9 or 10 and 
further comprising at least tWo long-stator linear motors and 
tWo motor region sections (A211, A211; A411, A411) for each 
motor region (A), Wherein said sWitching means (57 to 59; 
70 to 73) are so provided that each Vehicle (711, 7c, 7], 7g) 
can be operated by only one of said tWo motor region 
sections (A211, A211; A411, A411). 

12. Arrangement according to claim 11, Wherein said 
motor regions (A2) contain track-segment cables (51, 52) 
Which are each assigned to an assigned Voltage source (55, 
56) by means of said sWitching means (57 to 59), and 
Wherein said control means (42) are so arranged that said 
motor region sections (A211, A211) are situated one beside the 
other and said Vehicles (711, 70) can be operated alternately 
by means of said track-segment cables (51, 52) belonging to 
one or other of said linear motors. 

13. Arrangement according to claim 12, Wherein said 
sWitching means (57 to 59) are arranged for connection of 
said Winding sections (5111, 26111; 5112, 26112) to one or other 
of said track-segment cables (51, 52), as desired. 

14. Arrangement according to claim 11, Wherein said 
motor regions (A3, A4) have track-segment cables (66, 68) 
Which can be connected as desired to assigned Voltage 
sources (61 to 64) by means of sWitching means (69, 74, 75), 
and Wherein said control means (42) are so arranged that 
said motor region sections (A411, A411) are situated one 
behind the other and said Vehicles (7], 7g) can be operated 
by means of said track-segment cable (66, 68) belonging to 
one or other of said linear motors alternately. 

15. Arrangement according to claim 14, Wherein said 
sWitching means (69, 74, 75) are arranged to connect only 
said track-segment cable (66, 68) belonging to one of said 
linear motors to an assigned Voltage source (62, 64) in each 
motor region section (A411, A411). 

* * * * * 


